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This invention relates to improved laminated 
plastic structural units of the general type dis 
closed in my co-pending application Serial No. 
579,429, flied February 23, 1945 (now Patent No. 
2,445,290, granted July 13, 1948) and a division 
thereof, Serial No. 687,809, filed August 2, 1946, 
now abandoned, said application Serial No. 
579,429 being in turn a division of my application 
Serial No. 424,090, filed December 22, 1941, now 
abandoned. 
Said applications disclose laminated plastic 

structural units of various forms comprising 
spaced-apart panel-like portions interconnected 
by spaced webs, there being channel-like cavities 
between the webs, the laminae of the panel-like 
portions and webs being formed of fibrous sheet 
material impregnated, bonded and compacted 
together with thermosetting resin to provide 
an integral, rigid, hard structure. As disclosed in 
said applications, the ' impregnated laminae 
which surround each of the channels are formed 
as by winding a single sheet of a suitably im 
pregnated paper, a plurality of times, straight 
around a mandrel assembly to form a multi-ply 
tube of the desired quadrilateral cross-section 
corresponding generally to the cross-section of` 
the desired channels in the ñnished unit. These 
laminated tube and mandrel assemblies were 
then placed side by side between upper and lower 
pluralities of impregnated sheets to form an as 
sembly which was subjected to heat and pressure, 
applied vertically and from the sides, to form the 
desired integral, rigid, compacted structure. 
While the method above referred to for winding 

and forming the multi-ply tubes is satisfactory 
for producing a laminated plastic unit of unu 
sually great strength, the features of the present 
invention include the provision of alternative 
embodiments having an improved helical wind 
ing formation of the tubes of such structures, and 
involving improved methods for forming the same. 

If, according to the disclosures of my above 
mentioned co-pending applications, each of the 
tubes is formed by winding a single sheet of the 
impregnated fibrous material straight around a 
mandrel formation a plurality of times, it is 
somewhat difñcult to insure that the inner and 
outer end edges of the sheet will fall along the 
same line, as is desirable to avoid any point along 
the tube which will have either a greater or lesser 
number of laminae than the remainder of the 
tube. Special care must also be taken that the 
outer end edge does not fall in a position such that 
it will cause a noticeable light reflecting ridge or 
depression on the polished surface of the finished 
unit after the resin is cured under heat and pres 
sure. Also, this method of winding the tubes from 
the standpoint of convenience, speed and econ 
omy in manufacture, has some disadvantages in 
that if the laminate is of paper, and it is desired 
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to have the direction of the flber run longi 
tudinally of the tube. as is preferred, then each 
tube must be wound from a separate sheet which 
has been cut from an elongated web of paper as 
manufactured, and thus the winding of each 
tube is an individual operation utilizing sepa 
rate sheets, and the tubing cannot be Wound as a 
continuous tubing and cut into lengths, since a' 
sheet wider than the usual tube length cannot 
be readily manipulated to wind it a plurality of 
times around the mandrel structure. 
According to the present invention. a continu 

ous tube is formed by helically winding a plu 
rality of relatively narrow ribbons of the impreg 
nated fibrous sheet material about a mandrel, 
preferably of circular cross-section. Such tube 
is eut into lengths and shaped according to the 
desired quadrilateral cross-section of the cavi 
ties of the structural unit, and then the reshaped 
tubes with mandrels therein are arranged in an 
assembly which is treated in a manner similar to 
that above described. Ihave found, however, that 
the formation and use of the tubes in this way in 
volves certain problems, the solution of which will 
be made apparent as the description of the inven 
tion proceeds. 
Various further and more speciñc features and 

advantages of the invention will clearly appear 
from the detailed description given below, taken 
in connection with the accompanying drawings 
which form a part of this specification, and illus 
trate by way of example a preferred embodiment 
of the invention and the manner in which the 
invention may be carried out. 
In the drawings: 
Figure 1 is a perspective view, partially broken 

away, showing an assembly of the upper and lower 
impregnated sheets with the helically wound 
tubes containing mandrels positioned between 
such sheets. ready for the application of heat and 
pressure to produce the ñnal product; 

Fig. 2 is a somewhat schematic view showing 
the method of winding the tubes; 

Fig. 3 is a longitudinal sectional view through a 
part of the side wall of one of the tubes just after 
being formed; 

Fig. 4 is a view showing the apparatus and 
method by which the tubing is reshaped to pro 
vide the desired quadrilateral cross-sectional 
form; 

Fig. 5 is a sectional view of an assembly such 
as shown in Fig. 1 at an intermediate stage dur 
ing the treatment of same by heat and pressure; 

Fig. 6 is a similar view showing the assembly 
after being subjected to pressure to bring the 
parts thereof to their final dimensions; 

Fig. 7 is a perspective view of the finished 
product according to one embodiment of the in 
vention; and 

Fig. 8 is a cross-sectional view greatly en.-` 
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larged of a portion of the finished structure at 
the region of the juncture of one of the webs 
with the upper panel-like portion and indicating 
the manner in which the laminae within such 
regàon are irregularly bulged transversely of the 
we . 

Reference'will now be had to the drawings in 
further detail, and more particularly to Fig. 2 
which indicates the method of forming the tube. 
A rigid mandrel of circular cross-section and 
preferably stationary is indicated at I0, about 
which a plurality of thermo-setting resin im 
pregnated ribbons II to I5 inclusive are being 
helically wound in superposed relation so as con 
tinuously to form a multi-ply tube I6. These 
ribbons are formed of fibrous sheet material such 
as paper. preferably with the principal direc 
tion of the nbre running longitudinally of the 
ribbons. This tube, as formed. may be continu 
ously rotated about the mandrel I0 and at the 
same time advanced along the mandrel to the 
left as indicated by the arrow, by means of a suit 
able belt I1, which is looped as at I8 about the 
finished tube, the belt being carried on suitably 
driven pulleys as at I9 and 20. When the belt 
is driven in the direction indicated by the arrows 
thereon, the loop I8 frlctionally engages pro 
gressively advancing portions of the tube I6, 
thereby causing the tube to rotate and advance 
at the proper speed to cause the ribbons II-I 5 to 
be wound into place. The inactive return belt 
stretch between pulleys I9 and 20 is indicated 

It is important that the superposed ribbons 
be wrapped about the mandrel iirmly to avoid 
cavities therebetween, and since the tightly 
fitting tube as rotated and advanced along the 
mandrel will tend to cause considerable heat 
producing friction therewith, it is desirable that 
the mandrel be highly polished and that a sult 
able lubricant be applied thereto, of such a na 
ture as not to be injurious to the thermo-setting 
resin impregnation of the ribbons. Otherwise 
some of the resin impregnation may become par 
tially and prematurely cured by the heat before 
the tubing is ready for use. A small amount of 
stearine, for example, may be used as the lubri 
cant if a phenol formaldehyde resin impregna 
tion is used for the ribbons. 

I have further found it to be important that 
the ribbons be so wound in place that the edges 
of adjacent turns of each ribbon will come to 
gether accurately with a close butt joint, that is, 
without any gap between the turns and without 
any overlapping of one turn upon the next turn 
of the same ribbon. Otherwise after the final 
assembled unit is cured under heat and pressure, 
herringbone-like lines may appear on the sur 
faces of the unit, particularly if such surfaces, 
as finished, are glossy or polished so that even 
the slightest ridge or depression will be apparent 
with reñected light. For similar reasons, it is im 
portantthat the helical butt joints of successive 
superposed ribbons be spaced apart longitudi 
nally of the tubing so that there will be no super 
posed butt joint crevices through which the resin 
may flow out of proper position during the curing 
operation However, since the turns of the inner 
ribbons are of slightly lesser diameters than 
the turns of the outermost ribbons as wound onto 
the/mandrel III, if all of the ribbons were of the 
same width, because of the greater areas of the 
:iter ribbons, certain of the helical butt joints 
would gradually advance in position with respect 
Ato the other butt joints, and consequently, with 

15 

20 

45 

50 

55 

60 

70 

75 

4 
the tube being continuously formed, the butt 
Joints of the several layers at intervals along the 
tube would come into the undesired superposed _ 
positions of register. I have found that this 

, difficulty may be conveniently avoided by form 
ing the successive outer ribbons with progres 
sively slightly greater widths. For example, as 
suming that the internal diameter of the tube is 
1% inches, then the inner ribbon I5 may con 
veniently be 2 inches wide and the outer ribbon 
Il, 2% inches wides, the intermediate ribbons 
being of intermediate widths accordingly. The 
manner in which the butt joints of the super 
posed ribbons respectively will then be spaced 
apart, is indicated on one of the tubes shown in 
Fig. l. Here the width of the inner ribbon, indi 
cated by dotted lines, is denoted as :c inches, the 
widths of the successive overlying ribbons being 
denoted as :t+a inches, z-i-b inches, etc. Ex 
pressed otherwise, the outer ribbons are made 
wider and wider respectively to an extent sunl 
ciently to compensate for the slightly greater and 
greater areas of the windings formed by each. 
As indicated by the butt joints shown in dotted 

lines in Fig. l, aswell as by the manner in which 
the ribbons are led onto the mandrel I0 in Fig. 
2, the turns of the irmer ribbons are positioned 
at slightly smaller and smaller angles respective 
ly with respect to the tube axis. However, the 
pitch of the butt joints, as indicated at Y on one 
of the tubes in Fig. l, is made the same and uni- ' 
form for all the layers. 
While the ribbons II-I6 are impregnated 

with thermo-setting resin, it is desirable that such 
resin will ordinarily not be in adhesive condition 
yduring the winding and should not be brought 
into such condition at this stage to rely upon it 
as the means for temporarily adhering the layers 
of the tubing together.' At the same time, no 
adhesive for this purpose should be used if it is 
of such a nature as to form a nim through which 
the resin will not penetrate during the final cur 
ing of the structural unit, and thus cause weaken 
ing of the regions between the laminae of the 
ñnished structure due to the prevention of effec 
tive bonding by any such adhesive. I have 
found, however, that if a small amount of a 
good grade of animal glue, such as Scotch glue 
is applied along a central band as at 22 on the 
outer surface of the inner ribbon I5 and along 
bands as at 23 and 24 on the inner surface of 
the outer ribbon II, such adhesive will secure 
the plies of the tube together adequately for 
vcarrying out the invention. And when the assem 
bled structural unit is cured under heat and 
pressure, such glue will disintegrate, disappear or 
disperse and in no way interfere with the proper 
bonding action of phenol formaldehyde thermo 
setting resin along the bands at which such ad 
hesive was applied. Ordinary Scotch glue em 
bodying about 50% water may be used, and if 
desired containing 5 to 10% of a formaldehyde 
solution (66% H2O) to accelerate the setting so 
that the glue will become quite tacky substantially 
immediately upon the forming of the tube. Dur 
ing the final curing of the structural assembly 
under heat and pressure, the water content „of 
this adhesive will vaporize, and during the nor 
mal “breathing" of the press during the curing 
operation, such moisture will escape from the 
assembly, and the remainder of the constituents 
of the adhesive will disintegrate or disperse and 
disappear. The adhesive should be applied to 
the ribbons as shown in Fig. 2 in thin layers, 
preferably at an elevated temperature of from 
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160 to 180° F. Instead of glue adhesive es the 
adhesive for this purpose, one may use a suitable 
water-soluble phenol formaldehyde resin, al 
though same will require a somewhat longer 
period to set adequately. In case the laminae of 
the structural unit are impregnated with.famel 
amine resin, one mayl use a melamine type of 
adhesive for this purpose. 
As indicated in Fig. 2, it has been found that a 

single narrow band 22 of the adhesive satis 
factorily retains the inner ply ribbon i5 against 
curling or other displacement into the cavity of 
-the tube, vwhereas on the inside of' the outer ply, 

' the two bands 23, 24 of adhesive, located respec 
tively in positions spaced from the edges of the 
ribbon, it will be adequate to secure the outer part 
of the tubing against unwinding or curling of the 
outer ribbon, and at the same time leave the outer 
surface of the tube free of adhesive. The posi 
tions in which these lines of adhesive occur in 
the wound tube, and the relationship of the butt 
joints of successive plies, will be apparent from 
Fig. 3. l 

As the tube I6 progresses continuously from 
the left hand end of the mandrel i0 as viewed in 
Fig. 2, it may be sawed off by suitable known 
equipment into lengths depending upon the 
dimensions of the desired structural units. 
These lengths are then fed between two pairs of 
rollers 25, 26 and 21, 28, as shown in Fig. 4, which 
act to reform the tubes to a quadrilateral cross 
sectional form by shaping same to have four 
longitudinally extending wall portions iSa-Ißd 
inclusive which are initially bulged inwardly, but 
which, after passage from the rollers, spring out 
to generally correspond to the desired quadri 
lateral cross-sectional shape of the channels in 
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the finished structural unit. 'I'hat is, as shown , 
in Fig. 4, the annular surface of each of the 
rollers has a somewhat rounded cross-section 
causing four inward bulges to occur in the tub 
ing temporarily, such bulges being suiliciently 
deep so that after the tubing leaves the rollers, 
these four walls will spring outwardly but only to 
a substantially flattened condition, without re 
verting to the original circular form. 
As a next operation, a pair of steel mandrels as 

at 30, 3| (Fig. l) are fitted into each of the tubes, 
these mandrels, at the surfaces which contact 
each other, being formed with complementary 
tapers as indicated by the dotted line 32, so that 
the mandrel 30 may be inserted and later pulled 
out at the front edge of the assembly as viewed in 
Fig. l, and the mandrel 3l may be similarly in 
serted and later pulled out from the rear edge 
of the assembly. 
The tubes with the mandrels therein are next 

placed in side-by-side relation, as indicated in 
Fig. l, in assembly with upper and lower spaced 
pluralities of thermo-setting resin-impregnated 
fibrous sheets 33, 34, which are to form the outer 
thicknesses of the panel-like portions of the 
finished assembly. 

If the tubes 29 are assembled side by side in a 
manner so that all of the helical ribbon windings 
are wound in the same direction, then upon cur 
ing the assembly under heat and pressure, the 
stresses resulting from such windings in the rela 
tively rigid hard ñnished unit, will be such as to 
cause serious warpage upon removing the units 
from the press. For example, if the unit is sev 
eral feet long and several feet wide, it will be 
found that such warpage is so serious that one 
corner will be twisted out of the plane of the 
diagonally opposite comer by as much as 1 to 
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'1% inches. l: have found, however, 
. iiculty may be completely overcome by interspac 
ing tubes of one group wound in 4one direction 
with tubes of another group wound in the oppo 
site direction. as is shown in Fig. l. In this way 
the warpage stresses established in the oppositely 
wound tubes respectively, effectively compensate 
for each other, and the unit is held probably with 
even more ñrmness against warping at any part 
thereof from its desired plane, than if np such 
stresses occurred therein. Due to the divergent 
directions of the fibre in the oppositely wound 
tubes. the structure is also considerabLv strength 
ened. The windings of opposite direction in ‘ad 
jacent tubes also_insure that the helical butt 
Joints on one tube will at no time come in regis 
ter with the helical joints in or on the adjacent 
tubes. Although it is preferred to have each 
alternate tube oppositely wound, satisfactory re 
sults for some purposes may be obtained by inter 
spacing pairs or groups of tubes (those of each 
pair or group being wound in the same direction 
but opposite to that of adjacent pairs or groups) 
so long as the winding stresses of one group are 
substantially counteracted by the stresses of ad 
jacent groups. ` 

After the assembly is arranged as in Fig. l, 
pressure may be applied sideways to the tubes 
with the mandrels therein in the direction indi 
cated by the arrow at the left hand side of Fig. l, 
to bring the tube side surfaces into firm abutting 
relation. The assembly may then be placed in 
a hydraulic press between heated platens, as in 
dicated at 36 and 31, in Fig. 5. After the assem 
bly has been brought under pressure applied side 
ways and then also vertically, and to a sufllcient 
temperature to cause the resin impregnation to 
flow. pressure may be applied in two or more 
further stages between “breathing" operations of 
the press, to bring both the webs and the spaced 
apart panel portions of the unit to the finally 
desired cross-sectional dimensions as shown in 
Fig. 6. Fig. 7 shows the appearance of the fin 
ished unit after removal from the press, the webs 
being indicated at 40 and the upper and lower 
spaced-apart panel-like portions respectively be 
ing indicated at 4i, 42. 
In the pressing operations, pressure is applied 

first edgewise to the assembly of tubes with the 
mandrels therein, so that these slide inwardly 
somewhat with respect to the upper and lower 
laminae 33, 34, which laminae remain in substan 
tially flat condition. Then, when the vertical 
pressure is applied to the latter, the webs are 
deliberately compressed vertically to a sufficient 
extent so that in the region as shown in Fig. 8 
where the webs join the upper and lower panels, 
the laminae therein will be irregularly bulged 
transversely of the webs as at 43, 44, 45. thereby 
in effect forming interlocking ribs between each 
bonded pair of tubular portions. That is, the 
tubular laminatedportions as bonded to and be 
tween the upper and lower flat laminae. will be 
interlocked against any forces tending to shear 
apart the unit along lines between one laminated 
tube and the next. Thus the strength of the re- ̀ 
sulting structure is substantially maintained or 
increased at the junctures of the tubular lami 
nated portions despite the fact that the upper 
and lower pluralities of fiat laminae are the only 
ones which extend straight across these portions. 
The upper and lower surfaces of the structural 

unit may. if desired, be finished in the various 
ways disclosed in my above-mentioned applica 
tion Serial No. 579,429, reference to which is 

that this dif-> 
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hereby also made as to various further proce 
dural and constructional details and possible 
compositions and materials to be used. 
While the invention has been described in de 

tail with respect to particular preferred exam 
ples, it will be understood by those skilled in the 
art after understanding the invention that vari 

‘ ous changes and modifications may be made 
without departing from the spirit and scope of 
the invention, and it is intended therefore in the 
appended claims to cover such changes and mod 
incatións. 

I claim: ‘ ‘ 
1. A structural panel unit comprising in com 

bination, spaced substantially parallel top and 
bottom sheets, a plurality of tubular members 
of quadrilateral cross-sectional shape arranged 
side by side with their upper and lower surfaces 
respectively abutting said top and bottom sheets 
and with each side surface of each tubular mem 
ber abutting a side surface of an adjacent tubular 
member to form conjointly therewith a web inter 
connecting said vtop and bottom sheets, said sheets 
and said tubular members being comprised of 
superposed laminae of ñbrous sheet material im 
pregnated and bonded together with thermo-set 
resin, such resin bonding said sheets respectively 
to the top and bottom surfaces of said members 
and also bonding the web forming side surfaces 
of adjacent members together all as an integral 
rigid hard compacted structure with channels 
therein deñned by said tubular members, the 
laminae of said tubular members comprising 
`helically wound ribbons of said nbrous material, 
the helical windings of a plurality of the tubular 
members being all in one direction, the members 
thus wound being Ainterspacecl with another plu 
rality all wound in the opposite direction, where 
by stresses resulting from the helical form of 
said first plurality and vwhich tend to warp the 
panel unit are substantially counteracted by simi 
lar stresses resulting from the helical form of said 
other plurality. 

2. A structural unit in the form of spaced apart 
top and bottom panel-like portions intercon 
nected by spaced webs with channels therebe 
tween deiined by said webs and panel-like por 
tions, said portions and webs being comprised of 
>superposed laminae of ñbrous sheet material 
impregnated, bonded and compacted together 
with thermo-set resin, all as an integral, rigid, 
hard structure, a plurality of the laminae sur 
rounding each of said channels comprising super 
posed helical windings of said nbrous material 
in ribbon-like form, and the windings which sur 
round each alternate channel being wound in a 
direction opposite from the direction of the wind 
ings of the intermediate channels. 

3. A structural unit in the form of spaced apart 
top and bottom panel-like portions intercon 
nected by spaced webs with channels therebe 
tween defined by said webs and panel-like por 
tions, said portions and webs being comprised 
of superposed laminae of iibrous sheet material 
impregnated. bonded and solidly compacted to 
gether with thermo-set resin, all as an integral, 
rigid, hard structure, a plurality of the laminae 
surrounding each of said channels being in the 
form of superposed helical windings which, about 
each channel are all wound in the same direction 
but are wound in opposite directions about suc 
cessive channels and are formed of separate rib 
bons oi said ñbrous material, the edges oi the 
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' successive turns of each ribbon coming together 
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as a butt Joint which extends helically around 
the channel'. and the butt joints of successive 
layers about each channel at all points being 
spaced apart in the direction of the axis of Athe 
channel. 

4. A structural unit in the form of spaced apart 
top and bottom panel-like portions intercon 
nected by spaced webs with channels therebe 
tween deflned by said webs and panel-like por 
tions, said portions and webs being comprised 
of superposed laminae of fibrous sheet material 
impregnated, bonded and solidly compacted to 
gether with thermo-set resin, all as an integral, 
rigid, hard structure, a plurality of the laminae 
surrounding each of said channels being in‘the 
form of superposed helical windings of separate 
ribbons of said nbrous material, the edges of the 

` successive turns of each ribbon coming together 
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as a butt joint which extends helically around 
the channel, the ribbons of successive overlying 
windings each being wider than the ribbon of 
the next underlying winding by an amount sub 
stantially to compensate for the greater area of 
the overlying winding, the windings being all of 
substantially the same pitch, and the butt joints 
of successive windings being spaced apart axially 
of the channel. 

5. In a method of producing a structural unit 
in the form of panel-like portions interconnected 
by spaced webs with channels therebetween 
denned by said lwebs and panel-like portions: the 
combination of steps which comprises forming 
two groups of like multi-ply tubes by winding 
generally helically. ribbons of ñbrous sheet ma 
terial impregnated with thermosetting resin, the 
plies of one group however being all wound in 
one direction and the plies of the other group 
being all wound in the opposite direction; ar 
ranging said tubes in side by side relation with 
a plurality of .plies of thermosetting resin 
impregnated librous sheet material both above 
and below, the tubes of one group being inter 
spaced with the tubes oi' the other group; and 
then subjecting the resulting assembly to high 
pressure and heat to set the thermosetting resin 
thereof so as to form the assembly into an integral 
rigid plastic unit while supporting the tube walls 
interiorly. y 
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